Dephosphorylation of compounds 70 and 74, 75 and 76 was accomplished by 
treating 10 \xl of the crude stock solutions (ranging in concentration from 
approximately 0.5 to 2 mM) with 2 units of CIAP in 100 |il of CIAP buffer (Promega) 
at 37°C for 1 hour. The reactions were then heated to 75°C for 15 min. in order to 
inactivate the CIAP. For clarity, dephosphorylated compounds are designated 'dp'. 
For example, after dephosphorylation, substrate 70 becomes 70dp. 

To prepare samples for IEF experiments, the concentration of the stock 
solutions of substrate and dephosphorylated product were adjusted to a uniform 
absorbance of 8.5 x 10" 3 at 532 nm by dilutuion with water. Two microliters of each 
sample were analyzed by IEF using a PhastSystem electrophoresis unit (Pharmacia) 
and PhastGel EEF 3-9 media (Pharmacia) according to the manufacturer's protocol. 
Separation was performed at 15°C with the following program: pre-run; 2,000 V, 2.5 
mA, 3.5 W, 75 Vh; load; 200 V, 2.5 mA, 3.5 W, 15 Vh; run; 2,000 V; 2.5 mA; 3.5 
W, 130 Vh. After separation, samples were visualized by using the FMBIO Image 
Analyzer (Hitachi) fitted with a 585 nm filter. The resulting imager scan is shown in 
Figure 59. 

Figure 59 shows results of IEF separation of substrates 70, 74, 75 and 76 and 
their dephosphorylated products. The arrow labeled "Sample Loading Position" 
indicates a loading line, the '+* sign shows the position of the positive electrode and 
the sign indicates the position of the negative electrode. 

The results shown in Figure 59 demonstrate that substrates 70, 74, 75 and 76 
migrated toward the positive electrode, while the dephosphorylated products 70dp, 
74dp, 75dp and 76dp migrated toward negative electrode. The observed differences 
in mobility direction was in accord with predicted net charge of the substrates (minus 
one) and the products (plus one). Small perturbations in the mobilities of the 
phosphorylated compounds indicate that the overall pis vary. This was also true for 
the dephosphorylated compounds. The presence of the cytosine in 76dp, for instance, 
moved this compound further toward the negative electrode which was indicative of a 
higher overall pi relative to the other dephosphorylated compounds. It is important to 
note that additional positive charges can be obtained by using a combination of natural 
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amino modified bases (70dp and 74dp) along with uncharged methylphosphonate 
bridges (products 75dp and 76dp). 

The results shown above demonstrate that the removal of a single phosphate 
group can flip the net charge of an oligonucleotide to cause reversal in an electric 
field, allowing easy separation of products, and that the precise base composition of 
the oligonucleotides affect absolute mobility but not the charge-flipping effect. 

EXAMPLE 23 

Detection Of Specific Cleavage Products In The 
Invader-Directed Cleavage Reaction By Charge Reversal 

In this example the ability to isolate products generated in the invader-directed 
cleavage assay from all other nucleic acids present in the reaction cocktail was 
demonstrated using charge reversal This experiment utilized the following Cy3- 
labeled oligonucleotide: 5 ' -Cy3- AminoT- AminoT-CTTTTC ACCAGCGAGACGGG-3 ' 
(SEQ ID NO:61; termed "oligo 61"). Oligo 61 was designed to release upon cleavage 
a net positively charged labeled product. To test whether or not a net positively 
charged 5'-end labeled product would be recognized by the Cleavase® enzymes in the 
invader-directed cleavage assay format, probe oligo 61 (SEQ ID NO:61) and invading 
oligonucleotide 67 (SEQ ID NO:62) were chemically synthesized on a DNA 
synthesizer (ABI 391) using standard phosphoramidite chemistries and reagents 
obtained from Glen Research (Sterling, VA). 

Each assay reaction comprised 100 finoles of M13mpl8 single stranded DNA, 
10 pmoles each of the probe (SEQ ID NO:61) and invader (SEQ ID NO:62) 
oligonucleotides, and 20 units of Cleavase® A/G in a 10 |nl solution of 10 mM MOPS, 
pH 7.4 with 100 mM KCL Samples were overlaid with mineral oil to prevent 
evaporation. The samples were brought to either 50°C, 55°C, 60°C, or 65°C and 
cleavage was initiated by the addition of 1 jil of 40 mM MnCl 2 . Reactions were 
allowed to proceed for 25 minutes and then were terminated by the addition of 10 jal 
of 95% formamide containing 20 mM EDTA and 0.02% methyl violet. The negative 
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control experiment lacked the target M13mpl8 and was run at 60°C. Five microliters 
of each reaction were loaded into separate wells of a 20% denaturing polyacrylamide 
gel (cross-linked 29:1) with 8 M urea in a buffer containing 45 mM Tris-Borate (pH 
8.3) and 1.4 mM EDTA. An electric field of 20 watts was applied for 30 minutes, 
with the electrodes oriented as indicated in Figure 60B (i.e., in reverse orientation). 
The products of these reactions were visualized using the FMBIO fluorescence imager 
and the resulting imager scan is shown in Figure 60B. 

Figure 60A provides a schematic illustration showing an alignment of the 
invader (SEQ ID NO:61) and probe (SEQ ID NO:62) along the target M13mpl8 
DNA; only 53 bases of the M13mpl8 sequence is shown (SEQ ID NO:63). The 
sequence of the inavder oligonucleotide is displayed under the M13mpl8 target and an 
arrow is used above the M13mpl8 sequence to indicate the position of the invader 
relative to the probe and target. As shown in Figure 60A, the invader and probe 
oligonucleotides share a 2 base region of overlap. 

In Figure 60B, lanes 1-6 contain reactions peformed at 50°C, 55°C, 60°C, and 
65°C, respectively; lane 5 contained the control reaction (lacking target). In 
Figure 60B, the products of cleavage are seen as dark bands in the upper half of the 
panel; the faint lower band seen appears in proportion to the amount of primary 
product produced and, while not limiting the invetion to a particular mechanism, may 
represent cleavage one nucleotide into the duplex. The uncleaved probe does not enter 
the gel and is thus not visible. The control lane showed no detectable signal over 
background (lane 5). As expected in an invasive cleavage reaction, the rate of 
accumulation of specific cleavage product was temperature-dependent. Using these 
particular oligonucleotides and target, the fastest rate of accumulation of product was 
observed at 55°C (lane 2) and very little product observed at 65°C (lane 4). 

When incubated for extended periods at high temperature, DNA probes can 
break non-specifically suffer thermal degradation) and the resulting fragments 
contribute an interfering background to the analysis. The products of such thermal 
breakdown are distributed from single-nucleotides up to the full length probe. In this 
experiment, the ability of charge based separation of cleavage products (z.e., charge 
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